Abstract-A downward titration of antihypertensive drug regimens in summertime is often performed on the basis of seasonal variations of clinic blood pressure (BP). However, little is known about the actual interaction between outdoor air temperature and the effects of antihypertensive treatment on ambulatory BP. Key Words: blood pressure monitoring, ambulatory Ⅲ hypertension Ⅲ aging S everal studies have reported that blood pressure (BP) values obtained both in the clinic and in ambulatory conditions are lower in hot than in cold months, which is also the case in a general population. 1 In summer, a reduction in cardiovascular mortality has also been observed, 2,3 with a reduction in the occurrence of stroke in hypertensive patients. 4, 5 These findings might support the practice of downward titration of antihypertensive drug regimens, especially in the elderly. However, this clinical practice is not embodied in any of the guidelines. 6,7 Moreover, there is limited information regarding the effects of changes in daily mean outdoor air temperature (Ta) on ambulatory BP (ABP) in the elderly, in particular, in aged hypertensive subjects. Finally, no information is available on whether a clinic BP-guided reduction in the dosage of antihypertensive drug, in the case of hot weather, might be responsible for a reduced coverage of BP over 24 hours. The need to clarify these issues is underlined by the observation that older hypertensive patients do not show the same reduction in morbidity and mortality during hot months as younger subjects do. 3 The aim of the present study was, therefore, to more deeply investigate the climate-related changes in clinic and ABP and heart rate in subjects referred to our institutions for BP assessment during a 4-year period. This was done with special attention to the possible interaction between outdoor temperature-related BP changes, aging, and prescription of antihypertensive treatment.
S everal studies have reported that blood pressure (BP) values obtained both in the clinic and in ambulatory conditions are lower in hot than in cold months, which is also the case in a general population. 1 In summer, a reduction in cardiovascular mortality has also been observed, 2, 3 with a reduction in the occurrence of stroke in hypertensive patients. 4, 5 These findings might support the practice of downward titration of antihypertensive drug regimens, especially in the elderly. However, this clinical practice is not embodied in any of the guidelines. 6, 7 Moreover, there is limited information regarding the effects of changes in daily mean outdoor air temperature (Ta) on ambulatory BP (ABP) in the elderly, in particular, in aged hypertensive subjects. Finally, no information is available on whether a clinic BP-guided reduction in the dosage of antihypertensive drug, in the case of hot weather, might be responsible for a reduced coverage of BP over 24 hours. The need to clarify these issues is underlined by the observation that older hypertensive patients do not show the same reduction in morbidity and mortality during hot months as younger subjects do. 3 The aim of the present study was, therefore, to more deeply investigate the climate-related changes in clinic and ABP and heart rate in subjects referred to our institutions for BP assessment during a 4-year period. This was done with special attention to the possible interaction between outdoor temperature-related BP changes, aging, and prescription of antihypertensive treatment.
Inclusion criteria were availability of the following: (1) both clinic and ABP measurements; (2) ABP recordings of good quality according to predefined criteria (Ն80% of valid readings, Ն2 valid measurements per hour during daytime, and Ն1 valid measurement per hour during nighttime); (3) data on age, gender, height, weight, and antihypertensive treatment; and (4) properly filled-in log book reporting working activities during the daytime and sleeping times. Subjects affected by clinically manifest cardiovascular or systemic diseases and those with altered nighttime sleep either because of shift work or because of ABP monitoring (ABPM) were excluded. Likewise, data obtained by repeated ABPM were excluded. Accordingly, we excluded from the study 382 subjects because their ABP recordings covered Ͻ20 hours or because a lower than the preset number of measurements was available 8 ; 1212 subjects because of incomplete data collection; 382 subjects because their sleep was severely disturbed by the ABP recording; and 182 subjects because ABPM was performed while they were engaged in night work shifts. Therefore, 6404 out of the original 8562 subjects were included in the study (Table I , available online at http://hyper.ahajournals.org). Subjects were considered normotensive when their clinic BP was repeatedly found Ͻ140/90 mm Hg and hypertensive when clinic BP was found Ͼ140/90 mm Hg over repeated visits or when they were on antihypertensive treatment.
BP Measurements
Clinic BP considered for the study was the average of 2 measurements taken in the sitting position at 5-minute intervals before starting ABP recording. 8 Validated ambulatory devices (SpaceLabs 90207 and Takeda A&D TM-2420) 9,10 were programmed to record BP at 15-minute and 20-minute intervals over the day and the night, respectively. 8 The first 24 hours were processed for analysis, and no editing was performed after data acquisition. Systolic and diastolic ABP and heart rate values were averaged over each hour of the recording, over the day (from 8:00 AM to 8:00 PM), night (from 1:00 AM to 06:00 AM), and over the entire 24-hour period. 8 Morning BP surge was calculated according to Kario et al 11 as the morning systolic BP minus the lowest nighttime systolic BP.
Data From Weather Station
Ta data of the Florence and the Milan areas (°C), obtained from the local office of the National Climatic Data Observatory, were stratified into 3 classes: Ͻ10th percentile (Ϫ0.7°C to 6.2°C), 10th to 90th (6.2°C to 25.5°C), and Ͼ90th (25.5°C to 32.5°C).
Statistical Analysis
Data are expressed as meanϮSD. Comparisons between groups were performed using 1-way ANOVA. For multivariate evaluation, age, body mass index (BMI), and Ta were entered in a stepwise multiple regression analysis as independent variables, considering BP (clinic or ambulatory, respectively) or heart rate (clinic or ambulatory) as dependent variables. All of the calculations were performed using the BMDP Statistical Software package. Coefficients of correlation (r) and regression (␤) are reported in the tables. A PϽ0.05 was taken as the minimum level of statistical significance throughout the article.
Results

Clinical Characteristics of Study Subjects
The characteristics of subjects fulfilling the inclusion criteria (nϭ6404) are reported in Table I (available online). The prevalence of hypertension, as well as the allocation to treatment of hypertensive patients, was higher in elderly (O) than in young (Y) subjects (PϽ0.02 and PϽ0.001 at Fisher's exact test, respectively).
Relationship of Outdoor Ta With Blood Pressure and Heart Rate
A relatively large number of ABP recordings were performed during every month of the year (Ͼ300) in our 2 units. Age and gender distribution, as well as body weight, height, BMI, and smoking habits were comparable in the 3 Ta groups (Table II, available online). As expected, mean daytime systolic and diastolic ABP values were significantly higher during cold days and significantly lower during hot days when compared with those obtained during days with intermediate temperature (P always Ͻ0.05; Figure; Table II , available online). Conversely, during hot days, the nighttime systolic and diastolic ABP values were both significantly higher than those measured in days with intermediate temperature ( Figure) . In contrast to the Ta dependency of the ambulatory and clinic BP values, both daytime and nighttime heart rate were nonsignificantly different between hot and cold days (Figure; Table II, available online). When BP surge was considered, in the whole group of subjects it displayed a tendency to be greater in cold days as compared with intermediate Ta, but the difference was not statistically significant. Conversely, hot weather was associated with a significant reduction in morning BP elevation (Table II,  available online) .
At bivariate regression analysis, both clinic and 24-hour ABP were negatively related to Ta (PϽ0.01). When day and night periods were separately considered, Ta displayed a negative relationship with daytime systolic and diastolic BP (SBP and DBP) values and a positive relationship with nighttime BP values (P always Ͻ0.01). Multivariate analysis selected Ta as a negative and positive predictor of daytime and nighttime B, P respectively, both for systolic and diastolic values (Table 1) . Therefore, in the whole group of subjects, an increase in Ta was associated not only with a significant reduction in clinic, 24-hour, and daytime BP but also with a concomitant increase in night SBP and DBP values, and no relationship was found with heart rate ( Table 1) .
Effects of Aging
Multivariate analysis selected age as the most important predictor of clinic and ambulatory SBP. A significant but inverse correlation was also found between age and DBP or heart rate values, assessed either in the clinic or over 24 hours (Table 1) .
When younger and older subjects were separately considered, in younger subjects no significant modifications either in hot or cold days occurred in the morning BP rise as compared with what was observed with intermediate Ta (33.0Ϯ13.9 and 33.7Ϯ13.3 mm Hg versus 33.8Ϯ13.8 mm Hg, respectively). Conversely, in elderly subjects, the morning BP surge was significantly higher in low than in intermediate Ta (39.5Ϯ18.6 mm Hg versus 36.1Ϯ16.8 mm Hg; PϽ0.01), whereas no significant attenuation of this phenomenon was seen in hot days (33.8Ϯ17.8 mm Hg), in spite of a persisting pronounced BP increase during the last hours of the night (Figure) . Clinic SBP, as well as daytime SBP, showed a significant inverse relationship with Ta in both the Y (PϽ0.05 and PϽ0.01, respectively) and O group (P always Ͻ0.01) at bivariate analysis. Conversely, no significant correlation of BP or heart rate with Ta was found in either the Y or O subjects. At multivariate stepwise regression analysis, Ta was selected as a negative independent predictor of clinic SBP in both age groups. Interestingly, Ta was selected as an independent predictor of day and night SBP and DBP only in the O group, displaying a negative and positive relationship with day and night values, respectively (Table 1) . Again, no relationship was found between Ta and heart rate in both the Y and O groups.
Effects of Hypertension and Antihypertensive Treatment
To investigate the possible role of hypertension and antihypertensive treatment on Ta-related changes in 24-hour BP profiles, the relationship between Ta and ABP values was separately analyzed in normotensives and in treated and untreated hypertensives. Ta was selected as an independent positive predictor of both systolic and diastolic nighttime ABP values in only the group of treated hypertensives ( Table  2 ). In the same group, Ta was also a negative predictor of daytime ABP values (Table 2) . No relationship was found between Ta and heart rate at multivariate analysis in any of the 3 groups.
Combined Effects of Age and Antihypertensive Treatment
In order to discriminate the respective effects of age and treatment on Ta-induced nocturnal ABP increase, the relationship between Ta and nighttime ABP values in the Y and O groups of treated and untreated hypertensive subjects was separately explored by multivariate analysis. Ta was selected as an independent predictor of nighttime systolic ABP only in the O group of subjects receiving antihypertensive treatment (Table 3) . This result was confirmed by the separate analysis of ABP recordings performed during hot and cold days. In particular, nighttime ABP was significantly higher during hot days than during cold days in only the group of elderly subjects treated with antihypertensive drugs (134Ϯ16 versus 129Ϯ17 mm Hg; PϽ0.05), whereas no differences were found in the untreated elderly subjects (131Ϯ15 versus 127Ϯ18 mm Hg; P value not significant). No Ta-related BP differences were found between treated and untreated subjects in the Y group. In treated hypertensives Ͼ65 years of age, the number of antihypertensive drugs assumed per day was significantly lower in hot than in cold days (1.71Ϯ0.86 versus 2.30Ϯ1.31 mm Hg; PϽ0.001), whereas no differences were found in hypertensives aged Ͻ50 years (1.48Ϯ0.72 versus 1.67Ϯ0.86 mm Hg; P value not significant).
Discussion
Our study for the first time provides evidence of the following: (1) hot weather is associated not only with a reduction of clinic and daytime BP but also with an increase of nighttime BP values; (2) Ta-related ABP changes are more evident in Systolic ABP and heart rate in the whole group of subjects (A), in the subgroup of subjects aged Ͻ50 years (B), and in subjects aged Ͼ65 years (C) during days with low Ta (Ta Ͻ10 th percentile; mean daily temperature Ͻ6.2°C; ⅜, nϭ633, nϭ153, and nϭ209, respectively, for the 3 groups), high Ta (Ta Ͼ90 th percentile; mean daily temperature Ͻ25.5°C; •, nϭ554; nϭ110; and nϭ171) or intermediate Ta (OE, nϭ5217 
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Weather-Related Changes in 24-Hour BPthe elderly; and (3) in particular, a significant increase in nighttime BP during hot days occurs in elderly subjects treated with antihypertensive drugs. Our study has some important merits, when compared with previous articles, in investigating the effects of Ta on BP. First, both clinic and ABP measurements were considered; and, second, the actual Ta of the days when BP measurements were performed was precisely assessed, rather than more vaguely referring to an entire seasonal period. 1, 12, 13 Several previous articles have, indeed, shown that clinic BP undergoes seasonal variations with lower values in summer and higher values in winter months. 14,15 A signifi- cantly lower daytime ABP during summer than during winter was also found in a large-scale population survey, without focusing, however, on age-related differences. 1 In a small prospective study performed in 25 elderly subjects and 21 young volunteers, seasonal changes in ABP were more pronounced in the aged group. 13 Our study provides data on the occurrence of a significant reduction in daytime BP with increasing Ta as a function of age by considering a much larger group of subjects. The absence of Ta-related changes in daytime heart rate seems to exclude the possible role of differences in physical exercise as a responsible factor. In addition, the participation of other potential confounding factors reported previously to be involved in climate-related ABPM changes, such as differences in smoking habits and in BMI, 12, 16 can also be excluded.
A new finding of our study, as compared with previous articles on this issue, is the observation that hot weather may also be associated with a significant increase in nighttime BP values. Multivariate stepwise regression analysis revealed that this relationship was independent from anthropometric data and baseline BP values, whereas it was related to subjects' age. Important alterations in sleep patterns or sleep deprivation 17 can be ruled out in our study, because subjects reporting a deeply altered nocturnal sleep were excluded, and because the increase in nighttime BP during hot weather was unrelated to concomitant changes in heart rate, which conversely characterize sleep deprivation. 17 However, although subjects did not report significant restlessness in their log book, milder sleep problems associated with hot weather cannot be completely excluded.
A previous population-based study failed to observe any significant increase in nighttime BP during summer. 1 However, in this study, "seasonal" differences, rather than differences in the actual Ta of the specific days when ABPM was performed, were considered. Furthermore, the study by Sega et al 1 did not include data from ABP recordings performed in August, when hot days are highly prevalent in our regions and when, because of prolonged subjects' exposure to hot weather, the effects of a higher Ta might have reached a more "steady-state" condition. A significant trend toward an increase in night-time BP with increasing Ta was observed previously in a group of 333 untreated hypertensives. 16 In that study, such a BP increase was no more significant after adjustment for confounding variables including age, sex, race, BMI, and baseline BP. 16 Our study offers clear evidence that the opposite effects of an increase in Ta on daytime and nighttime Ta are related to age.
Another important finding of our study is that weatherrelated changes in ABP profile may also affect the degree of morning BP surge, with Ta-related modifications being mostly evident in aged subjects. On one side, elderly subjects displayed a pronounced enhancement in morning BP surge with cold weather, whereas on the other side, during hot weather they showed no reduction in morning BP surge, associated with an increase in their nocturnal BP levels. These modifications may be potentially dangerous, because they may adversely affect the risk of cardiovascular events both during winter and summer, through different mechanisms. We have to emphasize that the method used in our study to compute morning BP surge, according to Kario et al, 11 has the strongest prognostic value with regard to stroke incidence as compared with different methods. 11 In hypertensive subjects under pharmacological treatment, the drop in BP during sleep is importantly affected by the duration over 24 hours of the effects of antihypertensive treatment, especially in the elderly. 18 In our study, the finding of a significant association between nighttime BP and Ta was confined to treated elderly hypertensives. It is, therefore, possible that the practice of down-titration applied to antihypertensive drug regimens in summer, common in countries characterized by hot weather in summertime, might have reduced the duration of treatment effects, resulting in an insufficient 24-hour SBP coverage. The significant reduction in the number of administered drugs in our treated elderly subjects during hot days supports this explanation. The average difference in nighttime BP between hot and cold days in aged subjects is relatively low in absolute terms (6 mm Hg), but its magnitude is large enough to be associated with differences in the incidence of hypertensive cardiovascular complications, as shown in several interventional studies. 19 In particular, although evidence is available that stroke mortality, 20, 21 as well as the incidence of all kinds of stroke, and, separately, of intracerebral hemorrhage and cerebral infarction, 22, 23 increase during the winter months in middleaged subjects, these seasonal variations seems to decline with age 24 and to be less pronounced in the elderly than in subjects aged Ͻ64 years. 4, 22 Thus, the results of our study clearly indicate that the practice of reducing treatment in the summer in the elderly based on low clinic BP values is not good, because it might be responsible for a potentially dangerous increase in night BP.
Study Limitations
We acknowledge that our study has some limitations. First, the study design was cross-sectional, with different subjects being examined in the different months of the year, with the possibility of noise in the assessment of Ta effects on BP. However, the study was large enough to make chance findings less likely. Moreover, subject characteristics were well balanced between groups, in particular with regard to possible confounding factors. In this context, we have to specify that subjects included in our study were referred to us by their family doctor or by insurance companies in the frame of a general assessment of their cardiovascular risk. This allowed us to also include real normotensives (both clinic and ABP within normal limits). In a minority of cases, however, the finding of normal clinic and ABP corresponded with the occasional observation of elevated BP values in their family physician's office, probably because of a white coat effect, which was not confirmed at our clinic visits. Second, although a down-titration of antihypertensive treatment during summertime was demonstrated by the available clinical records, a quantitative assessment of changes in drug doses in different seasons could not be performed for lack of detailed information in most subjects. This did not prevent, however, a clear demonstration of Ta-related differences in the behavior of ABP between treated and untreated subjects and of a reduced number of antihypertensive drugs taken by hypertensive patients in summertime.
Finally, no information is available regarding the indoor temperature. However, the low prevalence of air-conditioning equipment for residential use in Italy and, in particular, among subjects investigated, allow us to exclude that nighttime Ta may be similar in summer and winter.
Perspectives
Our findings may have clinical implications for the development of target organ damage and cardiovascular complications in hypertensive patients in response to weather changes. Although its prognostic implications remain to be determined, the observed BP increase at night in the elderly might increase the risk for both target organ damage and acute cardiovascular events in this population. This phenomenon might counterbalance the likely favorable effects of a Tarelated reduction in daytime BP, an issue that deserves additional investigation by ad-hoc longitudinal studies.
A second clinical implication of our findings is the additional demonstration provided by our data of the importance of ABPM in assessing BP coverage by treatment over 24 hours, in line with previous reports. 8, 25 This is particularly important for assessing nighttime BP changes, given the demonstration that nocturnal BP is the strongest predictor of outcome. 26, 27 The need for a more frequent use of ABPM in monitoring the effects of antihypertensive treatment in elderly patients under conditions of extreme climate changes is additionally supported by the observation that a smooth BP reduction by treatment contributes to reduce the cardiovascular damage associated with an inadequate 24-hour BP control, the latter characterized by a reduced or an excessive nocturnal BP fall, a steeper morning BP surge, 11 and, in general, an increase in overall BP variability. 28 Finally, our results also have important implications for epidemiological and population studies, because BP recordings obtained at different Tas might introduce a bias in risk stratification.
